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Comparative Analysis of the Treatment of Patients with Lower Limb Artery
Thrombosis and Outflow Artery Injury Using Recombinant Tissue
Plasminogen Activator as a Thrombolytic Agent

Abstract

Aim. To evaluate the effectiveness of recombinant tissue plasminogen activator (rtPA) in the treatment of pa-
tients with lower limb arterial thrombosis and outflow artery injury, and to conduct a comparative analysis of
treatment following catheter-directed thrombolysis (CDT).

Materials and Methods. The study analyzed the treatment outcomes of 64 patients who underwent CDT
using rtPA. During the postoperative period and at the outpatient stage of treatment, patients received anti-
coagulant therapy according to the VOYAGER PAD protocol and underwent regular duplex ultrasound (DUS)
vascular monitoring.

Results. Most patients demonstrated marked regression of ischemia, reduction of pain syndrome, and absence
of critical hemorrhagic complications. Limb preservation was achieved in 93.3 % of patients within 2 months
after CDT. The use of CDT allowed achieving a high rate of revascularization and reduced the risk of recurrent
thrombosis.

Conclusions. Recombinant tissue plasminogen activator (rtPA) is an effective thrombolytic agent for CDT in
the treatment of patients with acute lower limb arterial thrombosis (ALLAT) and concomitant outflow artery
injury. The results of this study suggest that endovascular methods with additional angiographic control of dis-
tal blood flow are a recommended treatment option for patients with ALLAT and run-off arterial lesions. These
methods demonstrated a high success rate in revascularizing the affected arteries and improving the degree
of lower-limb ischemia, as evidenced by regression according to the Rutherford classification. The combina-
tion of CDT with secondary angioplasty proved beneficial in certain patients with hemodynamically significant
steno-occlusions that may have contributed to run-off arterial thrombosis.
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Introduction. Acute lower limb ischemia (ALLI) is
a pathological condition that occurs as a result of a sud-
den disruption of tissue perfusion, commonly caused by
thrombosis or arterial embolism. ALLI is characterized
by rapid onset and progression to critical ischemia, pos-
ing a significant risk of limb loss if timely treatment is not
undertaken.

Particular clinical importance is associated with
lesions of the outflow arteries, such as thrombotic oc-
clusion of the popliteal and tibioperoneal arterial seg-
ments. In such cases, symptoms may be more isolated
and pronounced, and collateral compensation is insuf-
ficient. Consequently, when restoring proximal blood
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flow, incomplete distal revascularization can result in
rethrombosis of the reconstructed segment and irre-
versible necrotic changes in the limb. The threat to limb
viability affects overall survival, particularly in patients
with comorbidities. Without proper treatment, ALLI
can progress within the first two weeks [1,2], with mor-
tality among such patients reaching 15-20 %. High mor-
tality is linked not only to ischemic limb damage, but
also to severe concomitant pathologies, in particular
cardiovascular and cerebrovascular diseases, as well as
reperfusion tissue injury.

Catheter-directed thrombolysis (CDT) is one of the
methods for treating patients with ALLI caused by acute
lower limb arterial thrombosis (ALLAT). According to
the literature [3], CDT is an effective method that re-
duces both amputation and mortality rates. CDT can be
performed using various thrombolytic agents, including
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streptokinase, urokinase, and recombinant tissue plas-
minogen activator (rtPA).

However, in Ukraine, only alteplase (rtPA) is currently
available, and its use is subject to certain limitations.

Therefore, the treatment of ALLI should include not
only local thrombus removal but also a comprehensive
systemic approach aimed at correcting hemodynamic
disturbances, preventing thrombotic complications, and
reducing the risk of recurrence [4].

Aim. The study aims to compare the efficacy of CDT
with rtPA in patients with ALLI caused by ALLAT.

Materials and Methods. Between February 2020
and May 2025, 82 patients with ALLAT and outflow ar-
tery disease were examined. All patients reported the on-
set of symptoms within 0-14 days prior to examination.
The cases were accompanied by clinical manifestations
of ALLI, including pain at rest and during ambulation,
pallor and swelling of the affected lower limb, and cyano-
sis of the foot and lower leg.

Exclusion criteria were: presence of ankle or knee
contractures, a history of intracranial hemorrhage with-
in the previous 2 months, recent open surgery (within
the last 30 days), or an active source of bleeding. Pa-
tients with aneurysmal arterial lesions, including popli-
teal artery aneurysm thrombosis, and patients who un-
derwent non-rtPA-based CDT were also excluded from
the study.

A total of 64 patients with grades IIA-IIB ALLI, ac-
cording to the Rutherford classification, were included in
the study: grade II-A - 32 patients (50%) and grade II-B -
32 patients (50 %).

Among the patients, there were 20 female patients
(31.2 %) and 44 male patients (68.8 %). The average age
of the patients was 63 + 11 years. Comorbidities were as
follows: type II diabetes mellitus in 17 patients (26.6 %),
arterial hypertension in 37 patients (57.8 %), atrial fibril-
lation in 16 patients (25 %), and rheumatic disease in 2
patients (3.1 %).

All patients underwent duplex ultrasound (DUS)
of the lower limb arteries. According to DUS results,
thrombotic occlusion involving the femoropopliteal and
below-the-knee (BTK) arterial segments with associated
run-off artery injury (absence of blood flow in the tibial
and pedal arteries) was detected. Thrombotic occlusion
of the BTK arterial segments with run-off arterial lesions
was also diagnosed.

During hospitalization and treatment planning for
ALLAT, a standard patient examination protocol was fol-
lowed, which included performing DUS using Mindray
M5 and Samsung Medison R3 ultrasound systems. To
assess blood flow velocity and type, a linear ultrasound
probe with a variable frequency range of 9-15 MHz was
used. Diagnostic angiography and endovascular inter-
ventions were performed using the Philips Alura F920
angiographic system.

During diagnostic arteriography, the level of throm-
botic occlusion, the presence and characteristics of col-
lateral compensation, and the visualization of outflow

arteries were determined. A 6F introducer was inserted
according to the Seldinger method during angiography.

All patients underwent CDT after diagnostic arteri-
ography and confirmation of ALLAT with run-off artery
lesions.

In this study, recombinant tissue plasminogen acti-
vator (rtPA) was used for thrombolysis according to the
following protocol: an initial bolus infusion of 10 mg in-
traprocedurally over the first 15 minutes, followed by
continuous infusion of 10 mg/h for 4 hours. Additionally,
heparin infusion was administered intraarterially at a
rate of 1000 U/h for 12 hours. During bolus administra-
tion, patients’ vital signs were monitored and standard
anesthesia monitoring parameters were recorded.

During thrombolytic therapy and subsequent heparin
infusion, the following procedures were performed: con-
tinuous monitoring of vital signs, along with assessment
of hemostasis at the puncture site. Ultrasound evaluation
was carried out to assess the presence and characteris-
tics of blood flow in the run-off arteries, combined with
clinical assessment every 30 minutes.

The study complied with the requirements of the
Council of Europe Convention on Human Rights and Bio-
medicine, the World Medical Association Declaration of
Helsinki on the ethical principles of medical research in-
volving human subjects, and the current regulatory docu-
ments of the Ministry of Health of Ukraine. All patients
provided informed voluntary consent to participate in
the study. The study protocol was approved by the ethics
committee.

Statistical analysis and data visualization were per-
formed using IBM SPSS Statistics v.27.0 (Armonk, NY,
USA), MedCalc v.23.3.4 (MedCalc Software Ltd., Belgium),
EZRv.1.68,and RStudiov.2025.05.1+513 for Rv.4.5.1. The
frequency of qualitative nominal variables (absolute and
relative [%]) in two independent samples was compared
using the Fisher exact test. In more than two indepen-
dent groups, if a statistically significant difference was
observed according to the x? test, pairwise comparisons
of qualitative nominal variables were performed using
the Fisher exact test with Bonferroni correction. Quanti-
tative assessment of the clinical effect was conducted us-
ing the relative risk (RR) indicator, with 95 % confidence
intervals (CI) calculated via the combined exact binomial
test (melded binomial test). In related (dependent) sam-
ples, the frequency of qualitative nominal features was
compared using McNemar’s test. The severity of ALLI
(Rutherford grade [an ordinal qualitative measure]) in
related samples was compared using the Wilcoxon T-test.
The results of the comparison included the difference in
medians, determined by the Hodges-Lehmann method
(AMeHL) with 95 % CI. For all statistical tests, the level
of statistical significance was set at p<0.05 (with Bonfer-
roni correction).

ALLAT with run-off artery lesions occurring in steno-
occlusive diseases of the lower-limb arteries was diag-
nosed in 17 patients (48.6 %). Patients with ALLAT and
run-off artery lesions due to thromboangiitis obliterans
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numbered 4 (11.4 %). ALLAT with run-off artery lesions
caused by thromboembolism was observed in 9 patients
(25.7 %). Additionally, this study included 5 patients
(14.3 %) with ALLAT and run-off artery lesions occurring
during intraprocedural PTA.

Fifty-four patients (84.4 %) were hospitalized for the
first time with ALLI, while 10 patients (15.6 %) were re-
admitted. The distribution of ischemia severity accord-
ing to the Rutherford classification was as follows: Ila -
34 patients (53.1 %) and IIb - 30 patients (46.9 %).

Results. Open surgical interventions (without ad-
ditional intraoperative CT control) were performed in
17 patients (26.6 %), while endovascular interventions
were performed in 47 patients (73.4 %).

Treatment outcomes were evaluated within 2 months,
before the transition of ischemia to a chronic threatening
stage. The analysis of endpoints included rethrombosis,
occurrence of amputation, and limb preservation in the
two intervention groups (Table 1).

Table 1

Comparative results of endovascular and open
interventions

Endovascular Open
interventions interventions
Endpoints N=47 N=17 p,
Rethrombosis,
n (%) 13 (27.7) 10 (58.8) 0.037
Amputation, n (%) 4 (8.5) 6 (35.3)
i i 0.017
Limb preservation, 43 (91.5) 11 (64.7)

n (%)

In patients who underwent open surgical interven-
tions without intraoperative angiographic control, the

risk of rethrombosis was higher - RR of 2.127 (95 % CI
1.007-4.225) (p=0.048).

The risk of amputation in the open surgical interven-
tion group, compared to endovascular, was - RR 4.147
(95 % CI11.103-17.672) (p=0.034).

Among the endovascular interventions, 43 proce-
dures were CDT or CDT supplemented with using rtPA.
The results were analyzed according the subgroup of pa-
tients who underwent CDT (Figure 1).

CDT was performed as a monomethod in 17 patients
(26.6 %), CDT supplemented with percutaneous translumi-
nal angioplasty (PTA) in 17 patients (26.6 %) and throm-
botic mass canalization (balloon predilatation of the throm-
boocclusive site) combined with CDT in 9 patients (14 %),
additionally, in 5 (7.8 %) cases thrombosis with run-off ar-
teries lesion occurred intraprocedural during PTA.

An analysis of the surgical techniques used and the re-
spective combinations of CDT was performed (Figure 2).

When comparing the frequency of rethrombosis, it
was found that patients who underwent CDT followed by
additional PTA of causal stenoses and occlusions, had a
lower level of the following rethrombosis (Table 2).

In patients who underwent thrombotic mass canali-
zation (PTA of thromboocclusive sites) combined with
CDT, no significant reduction in the rate of rethrombosis
was observed (Table 3).

Analysis of amputations frequency in the CDT group
supplemented with PTA showed a statistically non-sig-
nificant trend towards a reduced risk (Table 4).

However, in the group undergoing thrombotic mass
drainage supplemented with CDT, no statistically signifi-
cant difference was observed compared with the other
intervention groups (Table 5).

Data on the dynamics of the ALLI severity in 42 pa-
tients who underwent CDT are presented in Figure 3.
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Figure 1. Risk ratio Forest graph of open, endovascular interventions and CDT
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Figure 2. Risk ratio Forest graph of open, endovascular interventions, CDT, CDT combined with PTA,
thrombotic mass canalization combined with CDT

Table 2
CDT combined with PTA rethrombosis risk ratio compared other interventions
Other interventions CDT+PTA RR
Indicators N=47 N=17 p, (95 % Al) P
Rethrombosis N'=23 22 1 0.126
0.003 : 0.004
Segment functioning N'=41 25 16 (0.003-0.668)
Table 3
Thrombotic mass canalization combined with CDT rethrombosis risk ratio compared other interventions
Other interventions Canalization + CDT RR
Indicators N=55 N=9 p, (95 % Al) p.
Rethrombosis N'=23 19 4 0711 1,287 0.824
Segment functioning N'=41 36 5 ’ (0,371-2,772) ’
Table 4
CDT combined with PTA amputation risk ratio compared to other interventions
Other interventions CDT+PTA RR
Indicators N=47 N=17 P, (95 % A) Ps
Amputation N'=10 10 0
B B . 0.051 0 (0-1.100) 0.068
Limb preservation N'=54 37 17
Table 5
Thrombotic mass canalization combined with CDT amputation risk ratio compared other interventions
Other interventions Canalization + CDT RR
Indicators N=55 N=9 p, (95 % Al) p.
Amputation N'=10 8 2 1.528
0.622 c 0.858
Limb preservation N'=54 47 7 (0.169-6.019)
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Figure 3. Dynamics of ALLI severity from baseline to discharge (Sankey diagram)

The nodes represent the absolute number (n) and rel-
ative proportion (%) of patients with the corresponding
Rutherford class at baseline and at discharge. The thick-
ness of the “flows” corresponds to the number of patients
transitioning between severity classes during treatment,
with annotations indicating the corresponding “flow”.

In the post-procedural period, the frequency of pa-
tients in Rutherford class 1la decreased from 52.4 %
at baseline to 21.4 % (p=0.011), and in class IIb from
47.6 % to 7.2 % (p<0.001), with transitions to class I ob-
served in 18 and 12 cases, respectively. Overall, 30 pa-
tients (71.4 %) had symptoms corresponding to Ruther-
ford class I at the end of the inpatient period.

In general, treatment was associated with regression
of ALLI by, on average, one Rutherford class (AMeHL:
-1 [95% CI: -1.5...-1]; p<0.001), observed in more than
half of the cases (n=23 [54.8 %]). At the same time, in
12 patients (28.6 %), a more pronounced improvement
was noted, with a decrease in the severity of clinical
manifestations by two Rutherford classes compared
to the initial state (transition from class Ilb to I). In 7
cases (16.7 %), no clinically significant transition was
observed at discharge, indicating either ineffectiveness
of the revascularization performed or the occurrence of
rethrombosis.

Discussion. The results demonstrated promising
outcomes, with a high rate of successful revasculariza-
tion and regression of ALI. Most patients experienced an
improvement of one to two stages according to the Ru-
therford classification, indicating a favourable response
to the CDT intervention.

The CDT procedure was performed using rtPA as the
thrombolytic agent, administered via a volumetric infu-
sion pump. Most patients reported reduced pain, and no
major bleeding complications occurred during the pro-

cedure, indicating that CDT is both safe and effective for

restoring blood flow in patients with ALIL

Despite the high overall success rate of CDT, this case
emphasizes the need for careful patient selection and on-
going monitoring to identify patients who may require
alternative treatment approaches.

In some cases, follow-up arteriography and angioplas-
ty were performed to address steno-occlusive lesions,
further improving the outcomes of the intervention. This
combination of CDT with secondary angioplasty demon-
strated superior results compared with intraoperative
intraarterial thrombolysis [5,6].

Long-term outcomes in the CDT patient group were
relatively favourable, particularly for patients undergo-
ing secondary angioplasty, compared with those receiv-
ing CDT alone in the short term [7,8,9].

Due to the catheter-directed scheme of thrombolytic
therapy at the indicated severity, no critical haemor-
rhagic complications were observed. Other studies of
CDT similarly report a low risk of major bleeding events
[10-15].

Conclusions

1. The results of this study suggest that endovascular
methods with additional angiographic control of
distal blood flow are a recommended treatment
option for patients with ALLAT and run-off arterial
lesions. These methods demonstrated a high success
rate in revascularizing the affected arteries and
improving the degree of lower-limb ischemia, as
evidenced by regression according to the Rutherford
classification.

2. The combination of CDT with secondary angioplasty
proved beneficial in certain patients with
hemodynamically significant steno-occlusions that
may have contributed to run-off arterial thrombosis.
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Long-term follow-up and anticoagulant therapy In summary, CDT is a valuable and effective treat-
were crucial in maintaining the efficacy of CDT = ment option for patients with acute lower limb arterial
and preventing recurrent thrombosis in most thrombosis and AL offering the potential for successful
patients. revascularization and improved clinical outcomes.
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MopiBHANbHMI aHani3 NiKyBaHHSA NALLIEHTIB i3 TPOMO0O30M apTepi HMKHBOI KiHLiBKK
3 YpaXKeHHSIM apTepiii BiATOKY, i3 BUKOPUCTAHHAM peKOMOIHaHTOro akTuBaTopa
TKAQHMHHOrO Na3MiHOreHy ik TPOM6ONITUYHOrO areHTa

Makisuyk [1. A., Tynano 0. M.

[lepxaBHa HayKoBa ycTaHOBA «LleHTp iHHOBALLIMHMX TEXHONOTi OXOPOHM 300POB»
[epxaBHoro ynpaeniHHs cnpasamu, M. Kuis, YkpaiHa

Pesome

Merta. OLiHUTH ePeKTHUBHICTh PeKOMOIHAHTHOIO TKAHWUHHOI'O aKTHUBaTOpa IJ1asMiHoreHy (rtPA) y siikyBaHHi
nanieHTiB 3 TPOM6030M apTepiit HUKHIX KIHLIBOK Ta ypaXkeHHSM apTepill BIATOKY, a Tako» MPOBEeCTH MOPiBHAIb-
HUU aHaJli3 JIiKyBaHHA Mic/Is1 KaTeTep-cnpssMoBaHoi TpoMobosiTuyHoi Tepanii (KCTT).
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MaTepia/sii Ta MeToAU. Y OCTi/PKeHHI TPOaHa/i30BaHO pe3y/ibTaTH JiKyBaHHS 64 Nalli€HTIB, IKUM OYJI0 pO-
BegeHo KCTT i3 3actocyBanHsAM rtPA. Y nicisionepanidHui nepios Ta Ha aMGyJIaTOPHOMY eTani MaliEHTH OTPHU-
MyBaJ/IM aHTUKOATYJISIHTHY Tepamnito 3rizHo 3 npoTokosioM VOYAGER PAD Ta mpoxoauiu perysisipHui AynjieKCHUN
YAbTPa3BYKOBUM ckaHyBaHH#A (Y3 C) f/s CYAMHHOTO MOHITOPHHTY.

Pe3ysnbraTu. Y 6inbmocTi nanieHTiB crocTepirasacs 3HauHa perpecis imeMii, 3MeHLIeHHSA 60JIbOBOT0 CUHAPO-
MY Ta BiICYyTHICTb KDUTUYHUX reMOPAriyHUX YCKJIaJHeHb. 36epexkeHHs KiHIiBKH O6ys10 focarHyTo y 93,3% nanjieH-
TiB npoTtsiroM 2 MicsuiB nicasa KCTT. Bukopuctanua KCTT f03B0/1M10 A0CATTH BUCOKOI YaCTOTH peBacKyasipu3ariil
Ta 3HU3UTH PU3HUK IOBTOPHOT'O TPOMOO3Y.

BucHOBKH. PeKOMOIiHAHTHUN TKAaHUHHUN aKTUBATOp Mia3MiHoreHy (rtPA) € epekTUBHUM TPOMOOTITUUHUM
3aco6oM g1 KCTT npwu slikyBaHHI Nali€eHTIB 3 TOCTPpUM TpoM6030M apTepiil HUxHiX KiHLiBok (TAHK) Ta ypaxkeH-
HAM apTepiil BiATOKY. Pe3ysibTaTu J0C/IiP>KeHHs CBifuaTh, 1110 €HI0BaCKy/IsApHI MeTOAU 3 JJ04AaTKOBUM aHriorpa-
GIYHMM KOHTpPOJIEM AUCTAJBHOIO KPOBOTOKY € PeKOMEH/J0BAaHUM BapiaHTOM JikyBaHHs nauieHTiB i3 TAHK Ta
ypaxKeHHsIM apTepiil BiAToky. Lli MeToAM NpoAeMOHCTpYyBaJIu BUCOKUHN piBeHb YCMilIHOI peBacKyispusalil ypaxe-
HUX apTepid Ta 3HWKEHHS CTYIeHs illeMil HHXKHIX KiHIIBOK, 1110 MiITBEP/XKYETbCS perpeciero 3a kaacudikaiieto
PyTtepdopaa. [ToegnanHs KCTT i3 BTOpMHHO aHTiOMJIAaCTUKO BUSIBUJIOCS KOPUCHUM Y JIeSIKUX MaL[i€HTIB i3 remo-
JMHAMIYHO 3HAYYL[MMH CTEHO3aMHU ab0 OKJII03iIMHU, IKi MOTJIM CIIPUYUHSATHU BUCXiIHUN TPOMGO3.

Katouoei caoea: 36epexceHHs1 KIHYIBKU, aHmMuKoazyAssHmHa mepanis, inggapkm miokapoa (IM), apmepianbHa
einepmeH3is, pesackyaAspu3ayis.

CraTTs Hazimia B pepakiito / Received: 01.08.2025

[Micasa noonparntoBanHs / Revised: 01.09 2025
[IpuiinaTo po aApyky / Accepted: 03.09.2025

YKpaiHCbKUIA )XypHan cepueBo-cyanHHOT xipyprii ™ Tom 33,N2 3 ® 2025



